
• Intent • 
\ Office I 



PRIORITY DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH 
RULE 17.1(a) OR (b) 




10/ 



36 



INVESTOR IN PEOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NP10 8QQ 




I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p.l.c, 
pic, P.L.C. or PLC. * 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
^Hthe company to certain additional company law rules. 




BEST AVAILABLE COPY 



An Executive Agency of the Department of Trade and Industry 



) Patents Fcrm 1/77 

Patents Act 1977 
(Rule 16) 

Request for grant of a patent 

(See the notes on the back of this form. You can also get 
an explanatory leaflet from the Patent Office to help 
you fill in this form) 



Patent 



H Fi 
1 8 JAN 2002 





21JAN#K89!08-1 D02829. 

.1/7700 0.00-0201139.3 
X The Patent Office 

Cardiff Road 
Newport 

Gwent NP10 8QQ 



1. 


Your reference 








2. 


Patent application number 
{The Patent Office will fill in this part) 




18 \ 




3. 


Full name, address and postcode of the or of 
each applicant (underline all surnames) 


Inmarsat Ltd. 
99 City Road 


0201 


139.3 



London 
EC1Y 1AX 
United Kingdom 



Patents ADP number (if you know it) 



If the applicant is a corporate body, give the 
country/state of its incorporation 



GB 



4. Title of the invention 



Communication Method, Apparatus, System and Signal 



5 . Name of your agent (if you have one) 


R.G.C. JENKINS & CO. 




"Address for service" in the United Kingdom 
to which all correspondence should be sent 
(including the postcode) 


26 Caxton Street 
London 
SW1H ORJ 


/ 


Patents ADP-number (if you know it) 


950001 




6. If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications (and if you know it) the or 
each application number 


Country Priority application 
number 
(if you know it) 


Date of riling 
( day / month/ year) 



7. If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 



Number of earlier application 



Date of filing 
( day /montli/ year) 



8. Is a statement of inventorship and of right 
to grant of a patent required in support of 
this request (Answer Yes' if: YES 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an applicant, 
or 

c) any named applicant is a corporate body. 
See note (d)) 



Patents Form 1/77 



^ Patents Fossa 1/77 
9. Enter the number of sheets for any of the 
following items you are filing with this form. 
Do not count copies of the same document 

Continuation sheets of this form 



Description 17 

Claimfs) 5 

Abstract 1 - > 

Drawing^) 6 ^ 



"10. If you are also filing any of the following, 

state how many against each item. 
p ri orit y documents. 



Translation of priority documents 

Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 

Request for preliminary examination 
and search (Patents Form 9/77) 

Request for substantive examination 
(Patents Form 10/77) 



11. 




Warning \ natent Ha S been filed, the Comptroller of the Patent Office .ill '^^^'^^i^m.d if 

W W * «»«» f» «— —« ** *~ . m continue on a «pa,a» *« ««' 

4) / /yOH fcav* ^ res' Patents Form 7/77 W iU need to be filed. 

e) Once you have filled in the form you must remember to sign and date tt. 

, For details of the fee and .ays to pay, please contact the Patent Office. 



Patents Form 1/77 



Communication Method, Apparatus, System and Signal 
Field of the Invention 

The present invention relates to a communication method, apparatus, 
system and signal, particularly but not exclusively for adapting parameters of 
5 a wireless interface to terminal type and/or link conditions. 
Background of the Invention 

Adaptive power control techniques are known for adapting a wireless 
interface to link conditions. Furthermore, EP-A-0 772 317 describes a 
technique in which both power and forward error correction (FEC) coding are 
10 varied according to fading conditions at a receiver, which are reported to the 
transmitter using a low-bandwidth return link. 

Also known are wireless communications systems which support 
different types of terminal with different characteristics. For example, the 
Inmarsat™ geostationary satellite system supports a number of different 
15 services, including Inmarsat-M™, Inmarsat mini-M™ and Inmarsat-M4™, 
each designed for different types of terminal. However, each service uses a 
separate, pre-defined set of channels each having a predefined channel type. 

It would be advantageous to provide a flexible wireless interface that 
can be adapted to link conditions and/or terminal type. 
20 It would also be advantageous to allow channels for different terminal 

types to be multiplexed onto the same bearer. 

It would also be advantageous to allow channels multiplexed onto the 
same bearer to be adapted to link conditions independently of each other. 

It would also be advantageous to provide a high degree of freedom in 
25 the adaptation of parameters of a wireless interface, while providing a simple 
way of selecting the most suitable parameter values for given conditions. 

The document EP-A-878 924 discloses a TDMA communication 
system which allows mobile terminals to be set for working in any one of a 
number of different communication environments, such as a pedestrian 
30 environment, a vehicular environment, a satellite environment and an office 
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the receiver and instructed to the transmitter, and one or more other 
parameters may be selected by the transmitter. 

The parameter values may be selected from one of a plurality of 
predetermined parameter value sets which represent only some of the possible 
5 combinations of parameter values. The parameter value sets may be 
determined so as to avoid redundancy in performance characteristics. 
Preferably, at least one subset of the parameter value sets is determined so 
that there is a substantially constant increment in gain between members of 
the subset ranked in order of increasing gain. Preferably, only one of the 
10 parameter values varies between members of the subset. 

According to another aspect of the present invention, there is provided 
a method of multiplexing bursts into a frame of predetermined bandwidth, 
wherein the frame contains bursts of different bandwidths, each being a 
fraction of said predetermined bandwidth, and different periods. 
15 According to another aspect of the present invention, there is provided 

a method of transmitting a burst comprising a plurality of FEC coded blocks, 
wherein the FEC coding rate varies among blocks within the burst. 

According to another aspect of the present invention, there is provided 
a method of transmitting a burst including a unique word and a plurality of 
20 FEC coding blocks, wherein the unique word indicates the FEC coding rate of 
the first block and the first block identifies the coding rate of at least a 
subsequent one of the blocks which coding rate differs from that of the first 
block. 

The scope of the present invention extends to apparatus, systems, 
25 signals, data structures and programs for carrying out any of the above 
methods. 
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Brief Description of the Drawings 

Specific embodiments of the present invention will now be described 
with reference to the accompanying drawings, in which: 
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Figure 1 is a schematic diagram of a satellite communications system 
in an embodiment of the present invention; 

Hgure 2 is a schematic diagram of a transmttte, channel urn. and 
r^Hver channel unit in the embodiment; 

receiver channel transmitter channel 

Figure 3 is a diagram of an FEC encoaer u 

^ f SRCC coding module in the FEC encoder; 

Figure 4 is a diagram of an SRCC cooing m 

,. ^wra^wUlttstratias- forward hearers 
-Fip^-TS-a-faWtei^ 
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sharing frequency channels; 

Figure 6 is a frequency/time diagram illustrating re 

frequency channels; tvr , e of forward bearer format; 

Figure 7 is a diagram of one specific type of forward 

f o« P ^ecific type of return bearer format; and 
Figure 8 is a diagram of one specmc iypc u 

nguic f forward bearer carrying 

Figure 9 is a diagram of an example of a forward 

multiple terminal connection packets with a varying coding rate. 
Detailed Description of Embodiments of the Invention 

^t^^hot'chematicaUy a geostationary satellite co— ation 

SASs which act as gateways to other 
system including one or more SASs wnicn 

communications networks NET for communication with any of a la^ge 
liber of network terminals NT. Each SAS is able to commun ica* w * 
plurality of MTs using radio frequency (RF) channels r— ^ 
ate.Hte SAT RF channel bandwidths of 90 kHz and 190 kHz 
geostationary satellite bAi. kt cn 

are supported by the transponder design of the satelhte. The feeder I nk 
are supporr ' mte comprises a set of 

transmitted and received between the SAe ana tn 

channels a, C band, while the user link 
MT S and the sateUite comprises a se, o, frequency channels a, L W A 
emission in the direction from the SAS to one or more of 
tefetmd ,0 as a forward link, whue a transmission in ore dtrectton from one o 
reierreu a rhsmnel conditions on the 

the MTs to the SAS is referred to as a return link. Channel 
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feeder link may vary depending on atmospheric conditions and sources of 
interference. Channel conditions on the user link may also vary depending on 
atmospheric conditions and sources of interference, which may depend on the 
position of the relevant MT. Hence, user link conditions may vary between 
5 MTs. 

Satellite 

The satellite SAT includes a beam former, receive antenna and 
transmit antenna (not shown) which generate substantially congruent receive 
10 and transmit beam patterns. Each beam pattern consists of a global beam GB, 
a small number of overlapping regional beams RB which are narrower than 
and fall substantially within the global beam, and a large number of spot 
beams SB (only two of which are shown, for clarity) which are narrower than 
the regional beams and may fall either within or outside the regional beams, 
15 but fall substantially within the global beam. Each spot beam may or may not 
overlap another spot beam, and at least some of the spot beams are steerable 
so that their area of coverage on the earth's surface can be changed. 

The satellite includes a transponder which maps each C-band 
frequency channel received in the feeder link onto a-corresponding L-band 
20 frequency channel transmitted in a specified beam in the user link, and maps 
each L-band frequency channel received in each beam in the user link onto a 
corresponding frequency channel in the feeder link. The mapping between 
frequency channels can be altered under the control of a telemetry, tracking 
and control (TTC) station. The satellite SAT acts as a 'bent pipe' and does not 
25 demodulate or modify the format of the signals within each frequency 
channel. 

One example of parameters of a spot beam is given below. 



Table 1 - Satellite Spot beam Parameters 



S^llit* P»™meter 1 Uorwara 


Return 


NPR 


17 


20 


Co-channel level (50%) 


19 


19 


L-Band G/T (dB/K) 


-10 


10 


Transponder gain 


180 


182 


EIRP (dBW) oer carrier 


44 
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Terminal Types 

The satellite communication system is designed to provide 
simultaneous services to a very large number of MTs 4 of different types. For 
example, a handheld (HH) terminal has very low RF power, an antenna which 
is substantially omnidirectional in azimuth, and typical dimensions of 10 cm x 
5 cm x 1 cm. A pocket-sized or A5 terminal has low RF power, a directional 
antenna ANT with small aperture and typical dimensions of 20 cm x 15 cm x 
2 cm A notebook-sized or A4 terminal has medium RF power, a direcUonal 
antenna of medium aperture and typical dimensions of 30 cm x 20 cm x 3 cm. 
A briefcase-sized or A3 terminal has high RF power, a directional antenna of 

large aperture and typical dimensions of 40 cm x 30 cm x 5 cm. 

In one example, the parameters of the terminal types are as shown m 
Tables 1 and 2 below: 



Table 2 - Terminal Parameters 





HH 


A5 


A4 


A3 


Terminal Parameter 

Target L-band fade margin 


4.5 


3.7 


3.1 


2.5 


G/T 

RF Power (W) 


-23 
1.5 


-18 
1.9 


-12 
2.8 


-9 
7.2 


Antenna gain 
Pointing loss 


3.5 
0.4 


7.5 
0.8 


12 
1.2 


15.2 
1.5 


Max EIRP towards satellite 


4.6 


8.6 


13.6 


20.9 



Channel Unit Details 

Figure 2 shows the functions of a transmitter channel unit TCU, which 
performs the encoding and modulation of signals for transmission over a 



single frequency channel, and of a receiver channel unit RCU, which 
performs the demodulation and decoding of a signals received on a single 
frequency channel. The SAS contains multiple such TCUs and RCUs, 
sufficient for the maximum number of received and transmitted frequency 
channels in the feeder link. The MT contains at least one TCU and one RCU. 

A hardware adaptation layer HAL provides an interface between the 
channel units and higher-level software which controls the settings of the 
channel units, handles the demodulated received signals and outputs the 
signals for transmission. The higher-level software may include a medium 
access control (MAC) layer which maps logical channels onto bearer 
connections and bearer connections onto the physical layer, as described for 
example in EP-A-0 993 149. 

In the TCU, the HAL outputs data blocks of a predetermined but 
variable block size which are scrambled by a scrambler SCR and redundancy 
encoded by an encoder ENC at a coding rate CR set by the HAL. 

Data and parity bits are output from the encoder ENC to a transmit 
synchroniser SYNC which formats the bits into modulation sets, each of 
which determines the modulation state of one modulated symbol, for output to 
a modulator MOD which- modulates the sets according to a variable 
modulation scheme MS output by the HAL. Unique word (UW) symbols are 
also input to the synchroniser SYNC for output in accordance with a selected 
air interface format as will be described below. The output timing of the 
encoder ENC, transmit synchroniser SYNC and modulator MOD is controlled 
by the HAL, which also selects the output frequency of the channel unit by 
controlling a transmit frequency fx of an upconverter UP, the output of which 
is transmitted by an antenna ANT to the satellite SAT. 

In the RCU, a frequency channel is received by the RF antenna ANT 
(or by a separate receive antenna), down-converted by mixing with a 
downconversion frequency signal at a downconverter DN at a reception 
frequency fR controlled by the HAL, and demodulated by a demodulator 
DEM according to a modulation scheme MS output by the HAL. 



The frame timing of the bursts is determined by a receive timing 
detector DET which detects the UW. The demodulated burst is decoded by a 
decoder DEC according to a coding rate CR output by the HAL and 
descrambled by a descrambler DES. The data contents of the burst are then 

received by the HAL. 

The receive timing may be determined by a decoder-assisted frame 
synchronisation technique, as described for example in patent application no. 

Turbo coded systems', Howlader, Wu and Woerner, 2*< International 
Symposium on Turbo Codes, Brest, Sept. 2000. 

FEC Coder Details 

In a preferred embodiment, the encoder ENC performs a Turbo 
encoding algorithm such as described generally in the paper 'Near Shannon 
limit error-correcting coding and decoding: Turbo codes', Berrou, C 
Glavieux, A. and Thitimajshima, P, Proc. of ICC '93, pp 1064-1070 or with 
enhancements such as described in WQ99/34521. The Turbo coder, as shown 
in Figure 3, consists of a buffer BUF and an interleaver INT which both 
receive data bits d in parallel and output the data bits to respective identical. 
16-state Systematic Recursive Convolutions! Code encoders SRCC which 
respective streams of parity bits p. q. The unencoded data bits p, and the 
parity bits p, q are output to a puncturer PUNC which generates modulation 
sets of bits from all of the data bits d and some of the parity bits p. q 
according to a puncturing matrix which determines which of the parity bits p, 
q are selected for transmission, and hence the coding rate. The puncturing 
matrix can be modified to change the coding rate CR, as indicated by the 
HAL. 

The size of the interleaver INT determines the encoder block size; a 
block of data bits d is loaded into the buffer BUF and the interleaver INT, the 
block of data bits d is encoded by the SRCC encoders and the punctured bits 
are output by the puncturer PUNC. 



Figure 4 shows the structure of either of the SRCC encoders. Input 
data bits d are supplied in parallel to a systematic data output and to a 
recursive convolutional encoder comprising four shift registers T and binary 
adders, arranged as shown in Figure 4 to output the parity bits p or q. The 
5 backward polynomial is 23 8 and the forward polynomial is 35 8 : 
Backward polynomial: 1 + X 3 + X 4 
Forward polynomial: 1 + X + X 2 + X 4 

The SRCC encoders are initialised by setting the shift registers T to a 
zero state before each block of data bits d so that their output does not depend 
10 on the bits from any previous block. No flush bits are added. 

Any suitable algorithm, such as the well-known MAP or SOVA 
algorithms, may be used in the decoder DEC. 
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Bearer Types^ ^ & ^ interface standard wbich 

optimises the transmission rate available to the larger terminals while 
maintaining communication with the smallest terminals. This problem is 
solved by supporting a plurality of different bearer types defined by their 

symbol rate and modulation scheme. 

Each bearer is defined as a burst within a frame or slot in a Time 
Division Multiplex (TDM)/Time Division Multiple Access (TDMA)/ 
Frequency Division Multiple Access (FDMA) scheme; in other words, 
bearers are separated by frequency (FDMA), each frequency channel is 
divided into periodic frames, each frame either containing one bearer or being 
divided into two or more timeslots each containing a bearer. In the forward 
direction, different bearers are assigned to different frames which are 
multiplexed together in the same frequency channel (TDM). In the return 
direction, different terminals may transmit bearers in different time slots 
which may be in the same frequency channel (TDMA). The frame period is 
30 80 ms and the time slot period may be 80, 20 or 5 ms. 

The supported bearer parameters are as follows: 
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Table 3 - Bearer Parameters 



Modulation 


Symbol Rate (kS/s) 


4-ary (OQPSK, QPSK), 16QAM 


16.8, 33.6,67.2, 151. 1 



However, not all possible combinations are supported, because some 
are redundant and others do not provide suitable performance for any type of 
communication in any beam with any terminal. 

The support ed bea rer types aie identifi e d U erern^y^de-oHerma^- 

DPTRM indicating direction D, burst period P, type T (which is used merely 
as a separator), symbol rate R, and modulation M as follows: 



D 


P(ms) 


R (33.6 kS/s) 


M 


— =1 


F - Forward 


80 


0.25 


X = 


16-QAM 


R = Return 


20 
5 


0.5 
1 


0 = 


OQPSK 






2 
4 

4.5 
5 





For example, the code F80T4.5X means a forward bearer with 80 ms 
burst length, symbol rate 151.2 kS/s, 16-QAM modulation. Optional code 
suffixes 2B or 4B may be added to indicate the number of FEC blocks winch 
the bearer burst contains. Each FEC block is FEC encoded independently. 

The supported bearers, together with their associated bandwidth, are 
shown below in Table 5: 



Code 


Bandwidth (kHz) _ 


R20T0.5Q 


21 


F80T1Q4B 


42 


F80T1X4B 


42 


R20T1Q 


42 


R20T1X 


42 


R20T2X 


84 


R5T2X 


84 


R20T2Q 


84 




11 



R5T2Q 


84 


F80T4.5X 


189 


R20T4.5Q 


189 


R5T4.5Q 


189 


R20T4.5X 


189 


R5T4.5X 


189 



However, R5T4.5Q and R5T4.5X are optional as their data rate is 
equivalent to that of the R20T1 bearers but they are less bandwidth efficient. 
Furthermore, some other possible bearers may be implemented for backwards 
5 compatibility with existing systems, such as F80T1X2B and F80T1Q2B. 

Shared Frequency Channels 

Each frequency channel transmitted by the satellite may be shared in 
frequency between different bearers each occupying less than one half of the 

10 available bandwidth. For example, a 190 kHz frequency channel may contain 
two 84 kHz bearers, four 42 kHz bearers, eight 21 kHz bearers, or a 
combination of these. Likewise, a 90 kHz frequency channel may contain two 
42 kHz bearers, four 21 kHz bearers or a combination of these such as one 42 
kHz bearer and two 21 kHz bearers. Forward bearers which are adjacent in 

15 frequency and have the same modulation scheme -are transmitted 
synchronously, allowing simultaneous demodulation of multiple bearers by 
the MTs. The MTs are able to receive up to four adjacent bearers in this way. 
This adds flexibility in the data rate and/or channel type provided to an MT. 
For example, two 42 kHz bearers may be assigned to an MT where a single 

20 84 kHz or 189 kHz bearer is not available, such as in a regional beam RB. 
One bearer may be used for unicast data stream or signalling and the second 
could be a broadcast/multicast bearer. Hence, bearer acquisition need only be 
performed once for multiple synchronous bearers. Moreover, symbol timing 
may be synchronised between successive frames to assists the MTs in 

25 acquiring timing. Even where the coding rate of a block is too high for an MT 
to decode successfully, the MT may still detect the symbol timing and will 
therefore be able to decode subsequent blocks with lower coding rates. 
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An example of shared forward frequency channels is shown in Fignre 
5 in whieh a first 200 kHz channel contains two F80T1X and two F80T1Q 
bearers, while a second 200 kHz channel contains one F80T4.5X bearer. 
Figure 5 shows .he same shared frequency channel forma, between two 
adjacent frames, but adjacent frames may contain different shared channel 
forma,, For example, me mediation scheme may be varied on each 
frequency subchannel belween frames, and an MT receiving ma, subchannel 
ma y autematicauy dete ct m ^ "' TO du!atio^e W «e»^™^ 
Au,omatic detection is facilhated by selecting from modulation schemes 
which are sub- or superset of one anotiter (e.g. QPSK and 16QAM). 

An example of shared return frequency channels is shown in Frgure 6, 
in which one frame of a 200 kHz channe! conlains tire following bearer ,ypes 
m ul«iplexed in frequency and time: R5T1X (X 8), R5T2Q, R5T2X (X 3), 
R20T1Q, R20T1X, R20T2X, R20T4.5Q, R20T4.5X. 

The sharing schedule of each remm frequency channel is continued by 
th e SAS and tiansnritied in Remm Schedule packe,s in tire forward bearers. 
The remm schedule dictates tire benrer types and meir arrangement w«hm a 
frame. 



20 Coding Rate Subtypes 

Bach bearer type comprises a set of subtypes havtng different FEC 
coding rates to provide different carrier ,o noise ratios CM* The subtypes are 
identified by codes as shown below in Tables 6 and 7 for 4-ary and QAM 
Carers respectively. The exac, coding rate values are optimised for each 
25 benrer type in such a way ma, ,he data payload carries an integer number of 
octets. 

Table 6 - Subt ype for 4-arv bearers 



Subty 



L7 

2/5 I 1/2 I 5/9 



L4 
5/8 



L3 
2/3 



L2 
3/4 



5/6 



Tnblr 7 SvMYr g , fnr 9^ bearers 
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For each bearer type, a range of discrete coding rates is selected to 
give progressive changes of approximately 1 dB in the C/No performance of 
the bearer, as described below. 

5 

Forward Frame Format 

The forward bearer formats include an initial UW and distributed pilot 
symbols. The frame duration is 80 ms. 

Bearer types F80T1Q4B and F80T1X4B are low bandwidth high- 
10 penetration bearers used for communicating with small aperture terminals, 
and for signalling. Each frame is divided into four 20 ms FEC blocks. 

An example of the F80T1Q4B format is shown in Figure 7. In this 
example, an initial UW of 40 symbols (1.19 ms duration) is followed by four 
FEC blocks FBi to FB 4 each of 640 symbols (19.05 ms duration), including 
15 one pilot symbol after every 29 FEC symbols, giving a total of 29 pilot 
symbols per frame. 

The possible coding rate subtypes for the F80T1Q4B bearer, together 
with the associated data rate, C/No requirement for burst error rate of 10" , 

step in C/Nd requirement, and Eb/No is shown below in Table 8: 

20 Table 8 - F80T1Q4B Coding Rate Subtype Performance 



Coding 


Data Rate 


C/No 


C/No Step 


Eb/No (dB) 


Rate 


(kBit/s) 


Required 


(dBHz) 




Subtype 




(dBHz) 






L8 


21.6 


44.98 




1.43 


L7 


25.6 


45.84 


0.86 


1.55 


L6 


30.4 


46.82 


0.98 


1.78 


L5 


35.2 


47.71 


0.89 


2.04 


L4 


40.0 


48.60 


0.89 


2.37 


L3 


44.8 


49.53 


0.93 


2.81 


L2 


49.2 


50.46 


0.93 


3.33 
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LI 


52.8 


51.52 


1.06 


4.09 


RE 


55.6 


52.49 


0.97 


4.83 







Bearer type F80T4.5X is a high bandwidth low penetration bearer 
used for traffic data. Each frame is subdivided into eight 10 ms blocks to 
reduce latency, so that this bearer is suitable for voice and video-conferencing 
applications. 
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Return Burst Formats 

The duration of return bursts may be either 5 ms or 20 ms, the 5 ms 
burst length being chosen for low-latency application, There is only one FEC 
block per burst except for the highest symbol rate (R = 4.5, 151.2 kS/s) where 
there are two FEC blocks to avoid an excessive memory requirement for the 
FEC encoders. On the other hand, a block size of less than about 20 octets . 
not viable because the turbo decoder performance starts to degrade when the 
data payload is lower than this threshold. This places a lower limit on the 
other parameters for a 5ms slot: a minimum symbol rate of 33.6 kS/s with 16- 
QAM modulation or 67.2 kS/s with 4-ary modulation. 

An example of the R20T4.5X bearer structure is shown in Figure 
and comprises a guard time interval GT of 54 symbol periods in which no 
symbols are transmitted, a preamble CW of 18 symbols, initial unique word 
UW1 two FEC blocks FBI and FB2, and final unique word UW2. The 
coding rate subtypes and associated performance metrics are shown below in 
Table 7: 
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Table 7 - R20T4.5X Coding Rate Subtype Performance 



Coding Rate 
Subtype 


Data Kate 




C/No Step 
(dBHz) 


Eb/No 
(dB) 


L3 


1 no Q 


^ 7^ 




2.68 


L2 




*\A 71 
DO. / 1 


0.98 


2.98 


LI 


235.4 


^7 fxfy 


0 95 


3.34 


XV 


292.0 


58.58 


0.92 


3.73 


HI \ 


332.0 


59.64 


1.06 


4.23 


H2 


372.0 


60.69 


1.05 


4.79 


H3 


408.0 


61.66 


0.97 


5.36 


H4 


448.0 


62.76 


1.10 


6.05 


H5 


475.2 


63.75 


0.99 


6.78 


H6 


492.8 


64.68 


0.93 


7.55 



Adaptive Coding Rate 

For all bearer types, the coding rate is variable and can be set 
independently for each FEC block. The coding rate may be varied in response 
to the measured C/No for that bearer to achieve a burst error rate performance 
of 10 3 ' The SAS measures the C/No for each return bearer, determines 
whether any change to the coding rate is required, and if so signals the 
required change to the MT transmitting that bearer. The SAS makes a 
corresponding change in the coding rate to any forward bearers transmitted to 
that MT. The MT may also measure the C/No for a received forward bearer 
and, if the C/No value falls outside a predetermined range and subsequently 
no instructions to change the coding rate are received from the SAS within a 
timeout period, the MT may change the coding rate of its transmitted return 
bearers so as to compensate for the channel conditions on the return link, on 
the assumption that the channel conditions are symmetrical on the forward 
and return links. 
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Alternatively, the coding rate of the transmitted return bearers may be 
determined entirely by the MT based on received on the measured C/No of 
the forward bearer, and is not signalled by the SAS. 

In forward bearers, the coding rate for the first FEC block in a burst is 
signalled by the initial UW in that burst; the UW is selected by the TCU from 
a set of UWs, each corresponding to the different coding rate subtypes. Any 
coding rate changes for subsequent FEC blocks in the burst are signalled by a 
- broadcast signalling packet contained in die first F F^~bioxdcHf-^e-rs-r^— 
change, this packet is omitted. 

In return bearers, the coding rate is also indicated in the initial UW 
selected by the MT. The symbol rate may also be adjusted on a burst-by-burst 
basis and is determined by the return schedules as described above. 

Power Save Mode 

If there is no data to send in any block of a frame of a 16-QAM bearer, 
a predefined transmit sequence is transmitted in which dummy data symbols 
occupy only the inner points of the 16-QAM constellation, while the pilot 
symbols occupy their normal outer constellation points. This saves 
approximately 6 db in transmit power. 

Shared Forward Bearers 

To optimise the use of satellite bandwidth, a single forward bearer 
may contain data addressed to multiple MTs of differing gain. This either 
restricts the maximum data rate achievable on the bearer, or precludes service 
to smaller aperture terminals. Furthermore, where the available bandwidth is 
limited in a beam, or where the receiving MTs are unable to process high 
bandwidth signals, narrow band (42 kHz) bearers will be used. The mean 
power of a forward bearer is fixed for the duration of the frame and is set to 
provide a link of at least threshold performance with the least capable 
receiving MT. 




17 

In the example shown in Figure 9, a bearer contains a UW which 
indicates an initial coding rate of 1/3 and four FEC blocks FBI to FB4. The 
first block FBI contains a bulletin board packet containing a bulletin board 
header BB and a coding rate attribute value pair AVP which indicates that the 

5 coding rates for the blocks FB2 to FB4 are 2/3, 4/5 and 4/5 respectively. The 
initial coding rate of 1/3 is chosen so that the least capable of the MTs 
receiving this bearer will be able to receive the bulletin board packet. An MT 
which determines that it will be unable to decode blocks of higher coding rate 
may save power by not demodulating those blocks. Blocks FB2 and FB3 

10 contain packets CON1, CON2 and CON3 corresponding to connections to 
different MTs. The packet CON2 is split over the block boundary and 
therefore the MT receiving this packet must be able to decode successfully at 
a coding rate of 4/5 . 

Where possible, packets addressed to MTs of the same type are 

15 assigned to the same bearer, so that the transmission performance is not 
limited for more capable MTs by the presence of packets addressed to less 
capable MTs on the same bearer. However, in low traffic conditions, packets 
addressed to different types of MT may be assigned to the same bearer so as 
to conserve bandwidth. As the traffic level increases, selected MTs may be 

20 migrated onto other bearers so as to group them together with other MTs of 
the same type. 

Alternative Applications 

Embodiments of the present invention may be applied to many 
25 different types of wireless communication system, including without 
limitation geostationary, geosynchronous and non-geosynchronous satellite 
communication systems and terrestrial wireless communication systems. 
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Claims 

1. A method of wireless transmission between a transmitter and a 
receiver, the method comprising, at the transmitter: receiving a 
command from the receiver setting one or more transmission 
parameters, varying at least one transmission parameter, and 
transmitting a communication to the receiver using said 
transmission parameters. 
2. A method according to claim 1, wherein said communication 



comprises a plurality of bursts and said transmission parameters 
10 vary between bursts. 

3. A method according to claim 2, wherein said at least one 
transmission parameter is set dependent on a reception quality of 
one or more of said bursts previously received from the transmitter 
by the receiver. 

15 4. A method according to claim 2 or 3, wherein said at least one 
parameters are varied dependent on a reception quality of one or 
more transmissions transmitted from the receiver to the 
transmitter. 

5. A method according to any preceding claim, wherein the at least 
20 one varied parameter includes at least one of the one or more 

parameters set by the receiver. 

6. A method according to any one of claims 1 to 4, wherein the at 
least one varied parameter is different from the one or more 
parameters set by the receiver. 

25 7. A method of wireless transmission from a transmitter to a receiver, 

the method comprising, at the transmitter: determining a type of 
the receiver from a set of possible types, selecting a transmission 
parameter value dependent on said type, and transmitting a burst to 
the receiver using said selected transmission parameter value. 
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A method according to claim 7, wherein said types represent 
different antenna gains. 

A method according to claim 7 or 8, wherein said types represent 
different pointing losses. 

A method according to any one of claims' 7 to 9, wherein said 
types represent different amplifier gains. 

A method of wireless transmission from a transmitter to a plurality, 
of receivers, wherein the transmission includes a plurality of 
packets addressed respectively to the receivers, the method 
including determining the least capable of the receivers and 
selecting one or more parameters of the transmission so as to 
match the least capable of the receivers. 

A method according to claim 11, wherein the transmission 
comprises a forward error-corrected block and the coding rate of 
the forward error-corrected block is selected to match the least 
capable of the receivers. 

A method of wireless transmission from a transmitter to a plurality 
of receivers, wherein the transmission comprises a burst containing 
a plurality of forward error-corrected blocks, at least one of which 
includes part or all of a plurality of packets addressed to different 
ones of said plurality of receivers and has a coding rate selected so 
as to match the capabilities of the least capable of the receivers to 
which the packets are addressed. 

A method according to claim 13, wherein at least some of the 
packets are split between different forward error-corrected blocks. 

A method of assigning a plurality of packets addressed to a 
respective plurality of wireless receivers to a plurality of bearers, 
the method comprising identifying the receiving capabilities of the 
wireless receivers and assigning packets addressed to those of the 
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receivers having similar receiving capabilities onto the same one 
of said bearers. 

A method of assigning a plurality of receivers to a plurality of 
bearers for reception of packets addressed to the receivers, the 
method comprising: in a first, low traffic condition, assigning 
packets to a smaller number of bearers containing packets 
addr essed to receivers of differing receiving capabilities, and in a 
second, high traffic condition, assigning packets to a greater 
number of bearers and assigning packets addressed to those of the 
receivers having similar receiving capabilities onto the same one 
of said greater number of bearers. 

A method of transmission from a transmitter to a receiver over a 
wireless channel using a plurality of variable transmission 
parameters, comprising selecting a combination of said 
transmission parameters from a set of combinations of said 
transmission parameters which comprises a subset of all possible 

combinations of said parameters, such that the performance 
- characteristics over the wireless channel of each of the set of 

combinations of transmission parameters differs from those of the 

other ones of the set. 

A method of transmission from a transmitter to a receiver over a 
wireless channel using a selected plurality of transmission 
parameters and a discretely variable transmission parameter, such 
that successive values of the discretely variable transmission 
parameter provide a substantially constant change in gain over the 
wireless channel. 

A method of multiplexing a plurality of bursts onto a frame of 
predetermined period in a frequency channel of predetermined 
bandwidth, wherein at least some of the bursts occupy mutually 
different fractions of said predetermined bandwidth. 
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A method according to claim 19, wherein at least some of the 
bursts occupy mutually different fractions of said predetermined 
period. 

A method of transmitting a plurality of forward error corrected 
blocks within a burst, wherein the forward error-correction coding 
rate varies among the forward error corrected blocks. 

A method according to claim 21, wherein the burst includes a 
header indicating the coding rate of one of the blocks and said one 
of the blocks contains data indicating the coding rate of a 
subsequent one or more of the blocks. 

A method according to claim 22, wherein said one of the blocks is 
a first one of the blocks. 

A method according to claim 21 or 22, wherein the blocks contain 
packets addressed to a plurality of receivers of different receiving 
capabilities and the coding rate indicated in the header is selected 
so that the one of the blocks is receivable by the least capable of 
said receivers. 

A method according to any one of claims 21"td 24, wherein said 
header comprises a variable unique word. 

A method of transmitting a data burst comprising a unique word 
and a plurality of blocks, wherein the unique word is variable and 
indicates the transmission scheme of at least one of said blocks, 
and said at least one block indicates the transmission scheme of at 
least one other of said blocks. 

A signal generated by a method according to any one of claims 19 
to 26. 

Apparatus arranged to perform the method of any one of claims 1 
to 26. 
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29. A method substantially as herein described with reference to the 
accompanying drawings. 
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Abstract 

Communication Method, Apparatus, System and Signal 

A wireless communication system uses an adaptive air interface in 
which burst parameters are variable on a burst-by-burst basis, based on the 
5 reception quality of previous bursts and/or properties of the receiver or 
receivers of the burst. The parameter values are selected as sets which 
represent only some of the possible combinations of parameter values, to 
avoid redundancy in performance characteristics. Coding rates are selected to 
give a substantially constant increment in gain. Each burst may contain 
10 multiple FEC blocks with different coding rates. A unique word indicates the 
FEC coding rate of the first block and the first block identifies the coding rate 
of each of the subsequent blocks. 

[Fig. 9] 
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